Until a decade or so ago, nitrous oxide (N20) was considered to have no appreciable circulatory effects, providing hypoxia was not present. In t970 Smith and ce-workers ~ found in healthy volunteers that adding 70 per cent N20 to stable concentrations of halothane caused elevated systemic vascular resistance and arterial pressure, but no change in cardiac output. Then Eisele and Smith ~ reported in healthy man, that 40 per cent N20 depressed myocardial function, but increased systemic resistance, which maintained arterial pressure. In 1980, Wynne et al. 3 assessed the effects of 50 per cent N20 on left ventricular function in patients with coronary disease. They found a small decrease in heart rate and cardiac index and no change in blood pressure. In patients with coronary disease, addition of N20 to both morphine 4 and fentanyl s depresses left ventricular function, with reduced blood pressure, stroke work and cardiac output. Given with fentanyl, 60 per cent N20 also slowed the heart rate. 5 Hence we studied the effects of adding 50 per cent NzO to 0.5 per cent halothane in oxygen, in 13 patients anaesthetized for coronary artery bypass grafting (CABG). Cardiac function and haemodynamics were studied plus myocardial energy metabolism, including coronary sinus blood flow (CBF), myocardial oxygen consumption (MVO2) and lactate extraction as indicators of oxygen balance.
This investigation was part of a larger study of 30 patients which extended from before induction of anaesthesia, through operation for CABG and for 24 hours postoperatively. 6 All protocols were approved by the Human Subjects Committee of Cedars-Sinai Medical Center. Signed informed consent was obtained. All 13 patients had serious coronary disease, but none had depressed ventricular function (all ejection fractions above 0.5). Their mean age was 58.6 years and mean weight was 79 kg. Their functional status by New York Heart Association was: Class II -7, III -4, IV -2. Six patients were taking propranolol and nine had previous myocardial infarction. They subsequently received a mean of 3.8 vein grafts. None of the patients had a perioperative infarction.
Methods
The N20 study was done after endotraeheal intubation but before the surgical incision was made. Before induction of anaesthesia, after secobarbital premedieation (mean dose: 210 rag) and lidocaine infiltration, a radial artery cannula was inserted, plus two thermodilution catheters, both via the fight internal jugular vein. In addition to the usual pulmonary arterial catheter 7 (Edwards Co.) another special preshaped eight Fr thermistor-equipped catheter (Wilton-Webster Labs) was placed in the mideeronary sinus, aided by fluoroscopy. The latter catheter s measures total coronary sinus blood flow which represents virtually all of left coronary arterial flow.
Induction of anaesthesia in these 13 patients had been initiated with a small dose of thiopental (mean = 133 rag) followed by halothane-oxygen for a mean of 14.6 minutes before intubation. After intubation, when circulatory dynamics had returned to levels present when awake (mean medal pressure 95 mml-lg, mean cardiac index 2.59 L/min/m 2) and with 0.5 per cent halothane being given, control measurements were done. At a mean of 14.2 minutes after intubation, 50 per cent N20 was added to the inspired mixture with controlled ventilation. The second series of measurements was after 15 minutes of N~O administration.
Each series consisted of measuring cardiac output (duplicate), total CBF, arterial and central pressures and sampling arterial and coronary sinus blood for hemoglobin, oxygen and lactate contents. Haemodynamie indices were calculated using standard formulas. 9 Haemoglobin and oxygen saturndon was determined by co-oximetry (IL Co-oximeter, Model 282) and oxygen content calculated as: lib • 02 per cent saturation • 1.34, for ml O2/100 ml of blood, MVO2 in ml/minute was calculated as: CBF (ml/min) • ART-CS difference of content of oxygen, in ird/1 DO ml. Lactate measurement was by a modification of the Marbach method, t~ The myocardial lactate extraction ratio was calculated from the formula ART-CS/Art.
• 100, where ART and CS are the concentrations of lactate in mmol/L, in arterial and coronary sinus blood
The Wilcoxon paired rank test was employed for statistical evaluations,
Results
With constant mechanical ventilation, before and during N20 administration, mean PaCt2 was 39 --+ 5 and 35 ---6 mmHg and mean pH was 7.42 ---0.06 and 7.46 -+ 0.06. Mean Pat2 on 50 per cent N20 was 171) -+ 41 mmHg compared to 350 -60 before it. The mean bicarbonate concentration, at 25 --1.9, did not change.
TABLE t: After 15 minutes of N20, there were highly significant decreases in heart rate, mean arterial pressure and hence rate-pressure product. Cardiac index also fell 18 per cent (p < 0.DO3), without change in stroke volume. The 35 per cent reduction (p < 0.003) in mean stroke work was due to the fall in blood pressure. While right atrial pressure was unchanged and pulmonary capillary wedge pressure showed a statistically non-significant decrease, mean pulmonary arterial pressure did decrease significantly (p < 0.01). Pulmonary vascular resistance was unchanged but systemic vascular resistance was reduced significantly (p < O.O1).
TABLE II: Mean total CBF had a highly significant decrea~ from 96 to 61 ml/minute (p < 0.00.2). Along with the smalt but statistically significant decrease in oxygen content of coronary sinus blood, this produced a 35 per cent reduction in calculated MVO~ (p < 0.002). With no alteration in lactate content of arterial blood, a 19 per cent increase occurred in lactate content of coronary sinus blood (p < 0.04). This was reflected by a change from 27 to 11 per cent in mean lactate extraction by the ventricular muscle.
A reduction in lactate e~traction eccurred in nine of the 13 patients. In two patients, changes from 32 and three per cent extraction, to 52 and 62 per cent lactate production, respectively, occurred as CBF fell 44 and 49 per cent in each. No alteration in ST segment configuration was seen during adndnistration of the N20. 
Di~;cussion
Th~ cardiovascular effects of N20 depend on several factors, including the model studied (animal or human), presence of coronary disease, when one looks for effects, how much N20 is given and importantly, whether other agents are also given. In the dog, Thorburne et al. i i report that with 65-70 per cent N20 for 15 minutes, cardiac output decreased, but systemic resistance and atrial pressure increased. Heart rate, arterial pressure, cornnaz 7 blood flow and resistance and MVO2 were unchanged. In patients with coronary disease, 50 pet" cent N20 given alone did not produce important depression of ventricular performance but evidence of a decline in MVO2 was seen. 3 In healthy man, 40 per cent N20 decreased heart rate and cardiac output but raised systemic resistance with no 2 change in blood pressure. These investigators also documented a rise in plasma norepinephrine in the first 15 minutes of N20. Adding 70 per cent N20 to steady state halothane anaesthesia in healthy man has given another set of responses: no depression of cardiac output, elevation of vascular resistance, arterial and right atrial pressures, i These investigators concluded their effects to be from sympathetic stimulation and not to a change in oxygen concentration. They also pointed out that their NzO studies were done after the initial circulatory adaptation to halothane had occurred. 12 Maintenance of anaesthesia with halothane and nitrous oxide is common in patients having CABG. In the period after endotracheal intubation but before the autonomic stimulation of the surgical incision, a fall in blood pressure can occur. We have been concerned whether, during hypotension in such patients, there is a risk of inadequate myocardial oxygenation, or even severe ischaemia and infarction. So we investigated that combination: N20 (50 per cent) and a small concentration of halothane (0.5 per cent) given at that time, to determine their effects, unassociated with effects of the operation. Fifteen minutes was chosen as the time for full effect of Nit. Compared to the 2-3 per cent halothane that had been given for at least 15 minutes during induction of anaesthesia, 0.5 per cent inspired halothane along with Nit, should have produced a lower end-tidal concentration with a diminished halothane effect on the circulation. Unfortunately we did not determine end-tidal coneentrations.
We found a 27 per cent reduction in blood pressure, due to decreases in cardiac index (18 per cent), heart rate (11 per cent) and systemic resistance (15 per cent). The latter decreased in 10 of the 13 patients. Normally this reduction in aftefload would he expected to increase stroke volume and cardiac index. However, in our patients, stroke volume did not change. One possible explanation for this, which we saw in our study of nitroglycerine t3 in these same patients, is that the decrease in afterload is aceompalnied by a similar decrease in preload (capillary wedge pressure), which offsets the expected increase in stroke volume. Since wedge pressure did not change significantly with Nit, we cannot invoke that explanation.
Another explanation for the failure of stroke volume to increase with afterload reduction, during N~O, is a direct myocardial depressing effect, i.e. a reduction in contractility, as others have concluded. 4'5 Figure 1 plots mean stroke work index against mean capillary wedge pressure, plus the individual responses to Nit in all 13 patients. The 35 per cent reduction in stroke work with no significant change in mean wedge pressure suggests a shift in the cardiac function curve to one of more depressed function.
Cardiac index fell in our patients mainly because of a slower heart rate, since stroke volume did not change. Thus the systemic haemodynamics suggest a depression of both myocardial inotropic and chronotropic functions.
The reduction in coronary blood flow was likely secondary to a decrease in coronary perfusing pressure (arterial pressure). This may be interpreted in two ways. Firstly, one may say that the myocardium is depressed and does not need as large a coronary flow, i.e. myocardial metabolic needs are decreased. If this were true, there should be a reduced myocardial oxygen extraction, with a consequent increase in oxygen content of coronary sinus blood. That is, the heart worked 35 per cent less, consumed 35 per cent less oxygen (MVOz) and coronary flow decreased 35 per cent. However, that was not the case and another explanation is necessary.
In our patients, CS oxygen content fell during Nit in 11 patients, with the mean showing a small but significant decrease. This suggests increased myocardial oxygen extraction. Even though the myocardium is depressed, the reduced coronary flow is not well-tolerated, with regional areas of greater oxygen extraction which is reflected in the smaller CS oxygen content. Supporting this conclusion are the lactate results with an increase in mean lactate concentration of coronary sinus blood. Mean lactate extraction also decreased significantly and in tWO patients lactate production was seen. These evidences of unbalancing of the myocardial oxygen supply-demand relationship were not accompanied by ST depression.
It must be pointed out that MVO2 is a calculation and not a measurement and the fall in MVOx was almost entirely due to the decreased coronary flow. Hence in these patients MVO2 does not reflect myocardial metabolic need. The latter is seen from the directly measured indicators of energy metabolism: the oxygen and lactate contents of coronary sinus blood. They revealed myocardia that were heading towards global ischaemia after 15 minutes of Net, without surgical stimulation to raise the blood pressure.
Our patients appeared to have more pronounced circulatory depression than those of previous studies. I-~ No clear explanation exists but a possible factor is the presence of severe obstructive coronary disease, with reduced cardiac reserve. The effects obse, rved may not have been solely due to the NzO since it alone was tolerated better in another study of coronary patients. 3 The haemodynamic changes may reflect additive effects of those from halothane. lla summary, fifteen minutes of 50 per cent N20, with 0.5 per cent halothane, given for 15 minutes to patients before CABG-, caused a significant depresaion of the circulation and myocardial performance. The: hypotension was due to decreased cardiac index, systemic resistance and heart rate. Coronary sinus oxygen content was reduced during N20 and coronary sinus lactate content increased, indicating a trend towards compromised myocardial oxygenation,. This trend was not identified by ST segment changes,
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